Bamboo is an evergreen and perennial plant of the Gramineae family, which has a tropical and subtropical distribution. It is one of the most primitive and diverse taxa in the world and widely used as an important commodity in Southeast Asia and pacific islands, for example, as building material, handicraft articles, food material and traditional medicine. In particular, bamboo leaves have been used in traditional Chinese medicine for over 1,000 y for the treatment of fever, inflammation and detoxification. To date, bamboo leaf extracts have also been used in food additives and pharmaceutical products, mainly to lessen or cure stomachache, diarrhea, vomiting, restlessness and excessive thirst (1, 2) .
Indocalamus latifolius (Keng) McClure is a kind of bamboo grass with a large leaf and dwarf stalk, which is widely distributed in the south of China. Because of its advantages of large biomass, easy collection and various biological activities, the leaves have been used as the wrap of rice tamale, a popular traditional Chinese food, for several thousand years. It can make rice be more fragrant, less prone to rancidness and healthful by its aroma components and antibacterial, antioxidant compounds (3, 4) . Our previous study revealed that the biological activities and functions of the Indocalamus latifolius leaves are mainly attributable to its abundant secondary metabolites, such as flavonoids, phenolic components and triterpenoid (5) . Among them, orientin, isoorientin, vitexin, homovitexin, chlorogenic acid, caffeic acid, p-coumaric acid and ferulic acid are eight characteristic compounds in bamboo leaves and were confirmed with antioxidant, anti-cancer, anti-inflammation and radioprotective activities (6) (7) (8) (9) (10) (Fig. 1) .
Secondary metabolites are the major ingredients that have been associated with the biological activity of plants. Their synthesis and accumulation pathways in plants are the results of long-term natural selection under certain conditions, which are closely related to the ecological environment. The composition and contents of secondary metabolites in the same plant show a significant difference in different ecological environments (11, 12) . Altitude is an important environmental factor that affects the accumulation of secondary metabolites due to the change of light, temperature, moisture and other ecological factors. The valid impact of altitude on the content of secondary metabolites has been confirmed by several studies (13, 14) .
Yet, till now, the changes in secondary metabolite composition and content and the physiological activities of Indocalamus latifolius leaf along the altitudinal gradient have rarely been reported. In order to improve the comprehensive utilization of bamboo leaf, the present study investigated the altitude variation of the total level Summary Indocalamus latifolius (Keng) McClure leaf is a popular food material in East Asia due to its antioxidant and anticorrosive activities. To utilize it more effectively, we investigated the discrepancy of antioxidant activities and active compound content in Indocalamus latifolius leaf along with the altitude change. Total flavonoids, phenolics, titerpenoids and eight characteristic active constituents, i.e, orientin, isoorientin, vitexin, homovitexin, p-coumaric acid, chlorogenic acid, caffeic acid, and ferulic acid, were determined by UVspectrophotometer and synchronous RP-HPLC, respectively. Antioxidant activity was measured using DPPH and FRAP methods. Our data showed that the content of TP and TF, DPPH radical scavenging ability and ferric reduction power of Indocalamus latifolius leaf changed as altitude altered, with the trends of decreasing gradually when lower than 700 m and then increasing to 1,000 m. Chlorogenic acid and orientin were the main characteristic compounds in Indocalamus latifolius leaf and were also affected by altitude. Our result indicated that higher altitude with an adverse environment is conducive to secondary metabolite accumulation for Indocalamus latifolius. It would provide a theoretical basis to regulate the leaf collection conditions in the industrial use of Indocalamus latifolius leaf. Key Words Indocalamus latifolius (Keng) McClure, altitude, secondary metabolites, bamboo characteristic compounds, antioxidant activities of phenolics (TP), flavonoids (TF) and triterpenoid (TT), plus eight characteristic compounds in bamboo leaf, in addition to antioxidant activities. Simultaneously, we also discussed the relationship between antioxidant activity and secondary metabolites with the aim of providing a theoretical basis for exploiting and managing bamboo leaf resources more scientifically and efficiently.
MATERIALS AND METHODS
Chemical reagents. Methanol (HPLC grade), acetonitrile (HPLC grade), Folin-Ciocalteau reagent, vanillin, diphenyl-2-picryl-hydrazyl (DPPH), tripyridyltriazine (TPTZ) and authentic standards of phenolic compounds (p-hydroxybenzoic acid, chlorogenic acid, caffeic acid, p-coumaric acid, ferulic acid) were purchased from Sigma-Aldrich Co. (St. Louis, MO). Authentic standards of flavonoids (rutin, orientin, isoorientin, vitexin, homovitexin) were purchased from Extrasynthese Chemical S.A.S. (Lyon Nord, Genay Cedex, France). Other chemicals were of analytic grade.
Plant material and collection site. Indocalamus latifolius leaves were collected from Mt. Longwang (An'Ji, Zhejiang Province, China) at different altitudes (100, 300, 500, 700 and 1,000 m) on 17th May, 2011, on a sunny day at the temperature of 12-20˚C, and average relative humidity of 54% . Three sample plots were randomly chosen at each altitude. Leaves were picked randomly from different branches in each sample plot. Indocalamus latifolius were identified by bamboo taxonomy expert Wei Fang of Zhejiang Agriculture and Forestry University. All samples from each altitude were investigated three times in order to decrease method-related measurement errors.
The characteristics of the collection site where Indocalamus latifolius grows need to be commented on. Mt. Longwang is located between Zhejiang and Anhui Provinces in the southeast of China (1,587.4 m elevation, 30˚23′N, 119˚23′E), which could be characterized as a subtropical monsoon area. The average temperature from the foothills and hilltop is 15.1-8.9˚C. The temperature at lower altitudes would decrease by 0.48˚C per 100 m. Extreme maximal and minimal temperature registered in summer and winter of the year were 37˚C and 211.3-20.6˚C, respectively. The frost-free period through the year lasted 208 d with a precipitation 1,647 mm/y and average annual sunshine of 1,550-2,000 h around the whole mountain. The annual UV-irradiation on the region was stronger in springsummer than that in autumn-winter with an annual UV-irradiation of about 150 MJ/m 2 . Extraction process. Bamboo leaves were washed, drained, and enzymes inactivated immediately (microwave treated at 640 W three times: 1 min each time), then dried in a vacuum drying oven (60˚C or 2 h). The dried bamboo leaves were then milled to a powder of 40-mesh particle size. Bamboo leaf powder 1 g was mixed with 150 mL ethanol-aqueous solution (70%, v/v), refluxed 3 times (2 h each time), filtered and evaporated to a constant volume of 100 mL. The moisture content of each sample was measured with an infrared moisture analyzer (Ohaus, Pine Brook, NJ) before extraction, and all the results were calculated based on dry materials.
Determination of total phenolic (TP), total flavonoid (TF) and total triterpenes (TT) content.
The contents of total phenolics (TP), total flavonoids (TF) and triterpenoids (TT) in Indocalamus latifolius leaf were investigated using spectrophotometer analyses methods as reported below (15) . All measurements were reproduced in triplicate.
The TP concentration of the samples was determined using the Folin-Ciocalteu colorimetric method. The amount of TP was calculated as a p-hydroxybenzoic acid equivalent from the standard curve (Y52.2582 X10.037, r50.9989), and expressed as the percentage of p-hydroxybenzoic acid in dry leaf weight (%, DW).
The aluminum nitrate-sodium nitrite colorimetric method was used to determine the TF content of the samples. The amount of TF was calculated as a rutin equivalent from the standard curve (Y50.014X10.0016, r50.9999), and expressed as the percentage of rutin in dry leaf weight (%, DW).
The vanillin-glacial acetic acid colorimetric method was used to determine the TT concentration of samples. The amount of TT was calculated as an ursolic acid equivalent from the standard curve (Y50.0048X20.0136, r50.9976), and expressed as the percentage of ursolic acid in dry leaf weight (%, DW).
Assay of DPPH free radical scavenging activity. The DPPH free radical scavenging activity of the samples was measured using the method of Brand-Williams et al. (16) . Briefly, 0.3 mL of sample solution (300 mg/mL) was mixed with 2.7 mL of FRAP reagent, which contained 2.5 mL of 10 mmol/L tripyridyltriazine (TPTZ) solution in 40 mmol/L HCl, plus 2.5 mL of 20 mmol/L FeCl3 and 25 mL of 0.3 mol/L acetate buffer, pH 3.6. The absorption of the reaction mixture was measured at 593 nm. Methanol (0.3 mL) and 2.7 mL TPTZ reagent mixture was used as a blank. Aqueous solutions of known Fe(II) concentration, in the range of 0-1,000 mmol/L (FeSO4), were used for obtaining the calibration curve. Triplicate tubes were prepared for each sample. The reducing power of each sample was expressed as an equivalent concentration of FeSO4. This FRAP parameter was defined as the concentration of antioxidant having a ferric reducing ability equivalent to that of 1 mmol FeSO4.
Determination of the content of eight bamboo characteristic compounds by RP-HPLC. The contents of eight bamboo characteristic compounds in bamboo leaf, i.e. orientin, isoorientin, vitexin, homovitexin, chlorogenic acid, caffeic acid, p-coumaric acid and ferulic acid, were analyzed using an HPLC system (consisting of a vacuum degasser, an auto-sampler, a quaternary pump, and diode array detector; Agilent Series 1200, Agilent Technologies Inc., Palo Alto, CA) equipped with a reversed-phase C18 analytical column of 4.63250 mm and 5 mm particle size (Inertsil ® ODS-SP). The column temperature was maintained at 40˚C. The injection volume was 10 mL. The mobile phase was acetonitrile (A), 1% acetic acid aqueous solution (B). The optimized chromatographic condition was: 0-15 min, A 15%, B 85%; 15-25 min, A 15-40%, B 85-60%; 25-34 min, A 40%, B 60%; 34-40 min, A 40-15%, B 60-85%; a 5 min post-run was used after each analysis. The flow rate used was 0.8 mL/min.
The standard solution containing orientin, isoorientin, vitexin, homovitexin, chlorogenic acid, caffeic acid, p-coumaric acid and ferulic acid was prepared with 50% methanol-aqueous. After dilution to make solutions of 5 different concentrations, the standard solution was filtered through a 0.45 mm filter and analyzed directly by HPLC. Curves of eight standard compounds using concentration as abscissa and peak area as the vertical axis were charted (chlorogenic acid, RT ( 
9959).
All the samples were then passed through a 0.45 mm filter and analyzed directly by HPLC. The amount of each compound in the bamboo leaves was calculated according to the standard curves.
Statistical analysis. Mean values and standard deviations were calculated from the data obtained from three samples at each height. All the results are given as mean6standard deviation (SD). Data were analyzed by one-way analysis of variance (ANOVA). Significant differences were assessed with the LSD test (p,0.05). The statistical analysis was performed using the data collection program, SPSS 19.0.
RESULTS AND DISCUSSION

Altitude variation of active compounds in Indocalamus latifolius leaf
TP, TF and TT with several biological activities are the major active compounds in bamboo leaf. Their contents in Indocalamus latifolius leaf are varied with altitude changes as Fig. 2 shows.
With the elevation increasing, the TF and TP content in Indocalamus latifolius leaf showed a significant and nonlinear altitudinal tread, with them declining below about 700 m and then increasing. Indocalamus latifolius leaf contained significantly higher TF content at 1,000 m (0.7760.04%) than at other altitudes and TP content at 1,000 m and 100 m (3.3660.11%, 3.3060.20%, respectively) (p,0.05). The lowest level of TF and TP content both appeared at 700 m (0.4760.04%, 2.4160.17%, respectively). TT content was also dependent on the altitude, generally decreasing gradually as the altitude increased.
The composition and content of secondary metabolites in plants are affected by several meteorological factors, such as temperature, moisture, and light. Different climate environments at certain altitudes caused the discrepancy in the amount of the active compounds in Indocalamus latifolius leaf (20) . Furthermore, under normal conditions, Indocalamus latifolius began sprouting during March to April, and then grew very fast from midor late April. Secondary metabolites began to accumulate in May. Yet, each phenological phase of Indocalamus latifolius was delayed about 10-15 d for every increased experimental altitude on Mt. Longwang mainly because of the temperature decreasing with elevation increasing. Indocalamus latifolius leaves in our research were collected in May, when Indocalamus latifolius at a lower altitude (100 m) was already beginning to accumulate secondary metabolites, so active compounds were at a high level. In contrast, Indocalamus latifolius at a higher altitude (lower than 700 m) were still in the stage of sprouting or fast-growth due to the delay of phenophase with increased elevation. Primary metabolism played the major role in the plant at these phenophases (21, 22) . Thus, active compound content in Indocalamus latifolius leaf decreased gradually until 700 m. Yet, with the elevation continuing to increase, secondary metabolites accumulated the previous year were still kept at a high level for Indocalamus latifolius rhizomes that had not yet begun to sprout. So their active compounds showed the highest level at 1,000 m. The phenomenon is in line with a study which reported that phenological phases of plants will be delayed due to the temperature drop 0.5-0.6˚C for every 100 m altitude rise (20) .
With the elevation increasing, atmospheric density will decrease and light intensity (especially the UV-B) increase (23) . The fact of UV-B-induced changes in a range of different plant metabolites, including antioxidants, alkaloids and isoprenoids, was verified in the field in studies which focused on the accumulation of phenolic compounds (24) (25) (26) (27) . Under stressful conditions, extra compounds with nutritional and/or pharmacological value to the plant were required. This may also be a reason for Indocalamus latifolius leaf containing the highest level of active compounds at 1,000 m.
Altitudinal variation in antioxidant activities of Indocalamus latifolius leaf
Antioxidant activity, in terms of DPPH assay and FRAP assay, were measured in the present study using spectrophotometric methods.
DPPH radical scavenging ability of Indocalamus latifolius leaf extracts from different altitudes were expressed as IC 50 (Fig. 3) , which represents the antioxidant concentration necessary to reduce the initial DPPH concentration by 50%. Lower IC50 indicated better DPPH radical scavenging ability. With the increased in elevation, the DPPH radical scavenging IC50 first increased and then decreased. Samples collected from 100 and 1,000 m showed significantly higher ability than the others (p,0.05). The sequence of DPPH radical scavenging ability was as follows: 1,000 m.100 m.500 m .300 m.700 m.
The trend of ferric reducing antioxidant power of Indocalamus latifolius leaf extracts with altitude increase was similar with that of DPPH radical scavenging ability. The sequence of reducing power was as follows: 
Correlation analysis
Many studies showed TP, TF and TT correlations with antioxidant properties (28) (29) (30) . The correlations between antioxidant components and antioxidant activity were also analyzed using Pearson correlation coefficients in the present study (Fig. 4) . The correlation coefficient between TF, TP, TT and DPPH radical scavenging is TP.TF. .TT, which means TP in Indocalamus latifolius leaf plays a leading role in the ability of DPPH radical scavenging. TF in Indocalamus latifolius leaf is the main active compound related to FRAP assay, with the correlation coefficient of 0.8537.
RP-HPLC analysis of eight characteristics compounds in Indocalamus latifolius leaf
RP-HPLC parameters were optimized to analyze altitudinal variation of eight characteristic compounds in bamboo leaf, i.e., chlorogenic acid, caffeic acid, ferulic acid, p-coumaric acid, orientin, isoorientin, vitexin, and homovitexin, as shown in Table 1 . HPLC chromatograms are shown in Fig. 5 .
As shown in Table 1 , there are significant effects of altitude variation on the content of characteristic compounds. Among 4 characteristic flavonoids, the content of orientin is significantly higher than the others', but the variation tendency is contrary to the trend of the TF and other flavonoids. The highest level appeared at 100 m in contrast to the lowest at 1,000 m. The variation tendency of isoorientin, vitexin and homovitexin contents are similar to that of TF: the highest level appeared at 1,000 m and the lowest appeared at 700 m.
As for the four phenolic acids, chlorogenic acid is the main phenolic acid in Indocalamus latifolius leaf. The content of chlorogenic acid at different altitudes was similar to the TP tendency, ranging from 623.27 mg/g (700 m) to 1,485.04 mg/g (1,000 m). p-Coumaric acid content also peaked at 1,000 m. Caffeic acid showed slight changes with altitudinal variations and there was 
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Values in same row followed with different letters mean significant difference (p,0.05). Furthermore, according to the results, the eight characteristic phenolic compounds exist in Indocalamus latifolius leaf at remarkably lower levels than in other reported bamboo grass leaves, such as Sasa argenteastriatu, Shibataea chinensis, Pleioblastus kongosanensis f. aureostriatus, S. pygmaea and S. veitchii (5) . However, because of its advantage of large leaves, easy collection and convenient use, it was selected as the wrap of rice tamale, a popular traditional Chinese food, for several thousands years. Thus, besides Indocalamus latifolius, other bamboo grasses, in our opinion, which have the potential to be developed as leafy bamboo groves, are also worth further study.
CONCLUSION
The results in the present study showed that the content of TP, TF and antioxidant capabilities (DPPH assay and FRAP assay) change as a result of altitude changes due to a series of environment factors. Generally, their trends were all to decrease gradually under 700 m and then increase to 1,000 m. Correlation analysis showed TP in Indocalamus latifolius leaf plays a leading role in the ability of DPPH radical scavenging, whereas FRAP relies mainly on TF. Among the eight bamboo characteristic compounds, chlorogenic acid and orientin accounted for the largest share of Indocalamus latifolius leaf extract and also varied with altitude changes. UV-B radiation enhancement, illumination time increase and plant phenophase delay along with the elevation increase may cause these changes. The phenomenon of active components in Indocalamus latifolius leaf increased dramatically at high altitude, indicating the excellent antioxidant protection system of plants in an adverse environment. This physiological metabolic mechanism might be the result of the long-term abiotic stresses effect of plants. 
